Cassava is a staple food for approximately 800 million people in the world. However, it poses food safety risks to the consumers due to naturally occurring cyanogenic glucosides. Thirty six samples of cassava products from Nairobi and Mombasa markets were evaluated for hydrogen cyanide (HCN), aflatoxin, moisture content, and colour. The HCN content was in the range 27.20-42.92 mg/kg and 21.45-37.77 mg/kg in cassava chips; 21.53-64.63 mg/kg and 21.70-70.03 mg/kg in flour from Nairobi and Mombasa respectively. The HCN was significantly different (p≤0.05) among samples in both the dried cassava chips and cassava flour. Aflatoxin levels detected in two flour samples from Nairobi were 6.60 and 8.89 µg/kg respectively, and one sample from Mombasa; 2.84 µg/kg. Moisture content was in the range of 8.62-9.98% and 8.85-11.57% in cassava chips; 8.50-12.51% and 7.30-11.0% in cassava flour samples from Nairobi and Mombasa, respectively. The L* values were in the range of 83.9-92.0 and 69.0-81.7 and the colour difference from the standard white paper (DE*) were in the range of 14.5-22.7 and 25.6-37.1 in cassava chips samples from Nairobi and Mombasa markets respectively indicating dried cassava chips sold in the markets were less white. The L* values for cassava flour was in the range of 95.3-100.0 and 94.7-100.0 with DE* of 4.6-9.6 and 0.9-11.5 for Nairobi and Mombasa markets respectively indicating very white flours were sold in the market. These results show that the flour in the market may be of good aesthetic quality but unsafe for consumption. Effect of processing on safety could be evaluated.
.
The main food sources are starchy tuberous roots but the young leaves which are high in protein are also consumed 2, 3 . However, Cassava contains two cyanogenic glucosides, linamarin and lotaustralin (methyl linamarin) which are normally produced as a defence mechanism against predators as well as when the cassava tissue is crushed. These chemicals (cyanogens) are distributed widely throughout the plant, with the highest amounts occurring in the leaves and the root skin layer (root cortex), with lower amounts in the interior of the root (root parenchyma) 4 . Cyanide inhibits cellular respiration of all aerobic organisms by blocking mitochondrial electron transport and preventing oxygen uptake 5 . High exposure in humans leads to several symptoms such as nausea, vomiting, diarrhoea, dizziness, weakness and sometimes death 6 . The maximum safe level of cyanogens in cassava products including, dried cassava chips and flour set by the World Health Organization (WHO) is 10 mg/kg 7 , with the limits in Indonesia set at 40 mg/ kg 8, 9 . The East African Standards EAS 739:2010; 740:2010 sets the hydrogen cyanide limit at 10 mg/kg 10, 11 . Mycotoxin contamination is one of the factors that are a threat to food safety and quality. Tropical African climate is conducive for the growth of fungi and subsequent toxin production 12 . The greatest risk to health in tropical Africa is posed by aflatoxins, due to their widespread prevalence and toxicity 13 . According to a study by Williams et al. 14 , mycotoxin exposure contributes to more than 40% of the global disease burden. The reduction of the average human life span in Africa has been correlated with exposure to mycotoxins 15 . In Kenya, there was an incident where more than 125 deaths were attributed to acute aflatoxin poisoning 16 . Colour is a very important attribute of food, many consumers check on colour as a measure of quality and it often affects judgment on the safety and it may be affected by the Many processes used in producing cassava products (dried cassava chips/flour). In Africa, the low quality and safety of foods have a significant impact on human and animal health, as well as being a major constraint to growers who need access to more remunerating markets 13 . The aim of this study was to assess the safety and quality of commercial cassava products (dried chips and flour) in terms of hydrogen cyanide content, aflatoxins, moisture content and colour in Nairobi and Coastal (Mombasa) regions of Kenya.
mAteRiALS AND methoDS

Sampling of dried cassava chips and flour
Markets were identified in Coastal (Mombasa) and Nairobi regions and dried cassava chips and flour were sampled exhaustively from retailers who operated in these markets. In Mombasa region, three (3) markets were identified: Majengo (MJ), Kongowea (KON), and Marikiti (MA). In Nairobi region, five (5) markets were identified: Uthiru (UT), Kawangware (KAW), Gikomba (GIK), Githurai (GIT), and Muthurwa (MUT). Supermarkets were also visited for any available stocks. A total of thirty six (36) samples of both dried cassava chips and cassava flour were purchased in duplicate; of which, thirteen were dried cassava chips and twenty three were cassava flours from the different markets identified in the study regions. The samples were then packed in airtight sample bags and transported to the University of Nairobi, chemistry and toxicology laboratories for analysis.
Determination of hydrogen Cyanide content
The hydrogen cyanide (HCN) content of dried cassava chips and cassava flour were analysed according to method described by AOAC 17 . Approximately 10 g of the sample was mixed with approximately 100 ml distilled water in a distillation flask; the mixture was distilled and approximately 200 ml of the distillate collected in a volumetric flask containing 25 ml of 2.5% NaOH solution. A portion of 8 ml of 5% KI solution was then added to 100 ml of distillate and titrated against 0.02N silver nitrate (AgNO 3 ) solution. The end point was indicated by a faint but permanent turbidity. The HCN content was calculated as: 1 ml of 0.02 N Silver Nitrate being equivalent to 1.08 mg of HCN per 10 g and then expressed as HCN mg/kg of sample. Analysis was done in duplicates.
Determination of Aflatoxin levels
Aflatoxin was determined by ELISA Method according to method described by 13 . About 20 g of sample was extracted using 100 ml of 70 % methanol. The samples were filtered through Whatman filter paper and 15 ml of the extract collected. The filtrate tested using the Helica total Aflatoxin Enzyme-Linked Immunoassay (ELISA) assay kit. The limit of detection was 1 µg/kg. Samples were run in duplicates.
Determination moisture Content
The dried cassava chips were ground into powder using a grinder (Ramtons, model: RM /161 China) while the cassava flour was analyzed as it was. Moisture dishes weights were recorded, then approximately 2 grams of the samples were used. All measurements were in duplicates. The moisture dishes plus the samples were dried in an electric oven at 105 0 C for 3 hours, and weights after drying and cooling recorded; this was done according to a method as described by AOAC 18 . The calculation for the moisture was then done as per below formulae.
Colour Determination
Colour was measured by colorimeter (MINOLTA CHROMA METER CR-200b) using CIELAB L*a*b* colour scale. L* indicates lightness and when closer to 100 is considered whiter, a* denotes the red/green with a positive (+) value showing a shift towards red and b* denotes the yellow/blue value with a positive (+) b* indicates a shift towards yellow. Colour readings were taken at different locations on the samples of dried cassava chips and flour. The meter was calibrated using a standard white paper (L* = 100.0 a*=+0.7 b* = +0.7). DE value which defines the change of the total colour difference from the standard was determined. DE is defined by the following equation:
). DL (lightness) = Colour difference is calculated as the sample L* value minus standard; Da = Colour difference is calculated as the sample a* value minus standard; Db = Colour difference is calculated as the sample b* value minus standard 19 .
Statistical Analysis
All data was then subjected to analysis of variance (ANOVA) and the means and LSD separated by Duncan Multiple Range Test p=0.05 using Genstat 15 th Edition.
ReSuLtS AND DiSCuSSioN
The East African Standard EAS 739:2010 stipulates the compositional requirements for dried cassava chips that need to be conformed to for the dried chips to be considered safe for consumption. It requires that dried cassava chips have a maximum HCN content of 10 mg/kg and moisture content of 12%. The Codex Alimentarius Commission requires that aflatoxin in foods should not be more than 10 µg/kg 20 .
Hydrogen cyanide, aflatoxin and moisture content of dried cassava chips and cassava flour. Table 1 shows the results of hydrogen cyanide (HCN), aflatoxin and moisture content of the 13 dried cassava chips samples obtained from markets 
All the samples of dried cassava chips from markets in both study sites showed no detectable (nd) levels of total aflatoxin thus were within the limits set by the CAC 20 .
The low quantities of aflatoxin in the present study may be attributed to the fact that dried chips not Values=Means ± Standard deviation, means in the same column with same superscript are not significantly different (p≥0.05); L*= Lightness (≤100); a*= (-) red/green (+); b*= (-) blue/Yellow (+); DE*= Difference in colour change from the standard white background being a good substrate for aflatoxin biosynthesis. The low aflatoxin content may also be attributed to shorter storage period of cassava chips as well as proper storage conditions as shown by the moisture content observed in the samples collected. According to Setamou et al., 23 poor storage coupled with inappropriate handling methods contribute to accumulation of mycotoxins. The low or no incidences of aflatoxin contamination have also been reported in Ghana 24 and Benin, where a report showed no aflatoxin contamination of cassava chips 25 . The results are also in agreement with those of studies done by other authors 26, 27, 21 . They however are not in agreement with those in a report by 13 that indicated that all cassava chip samples collected in Tanzania contained aflatoxin though in low quantities. The moisture content (wwb) of the dried cassava chips collected ranged from 8.62 to 9.98% in Nairobi and 8.85 to 11.57% in Mombasa markets. There was no significant difference (p>0.05) in moisture content between most of the samples from both study sites. Moisture content of cassava chips was below 12% as recommended in the standards. Low moisture content observed in the dried cassava chips from Nairobi and Mombasa may be attributed to effective drying methods employed by the processors, as cassava is perishable and needs to be dried optimally to keep longer; thus the processors and traders avoid making losses by ensuring proper drying. The lower the moisture content, the better it would be for storage to prevent growth of microorganisms, undesirable fermentation and caking 28 ; high moisture content is also a prerequisite for growth and proliferation of mould and eventual mycotoxin production. Effective drying is also preferred as water activity may be increased by moisture uptake during storage and this may lead to change in certain chemical and organoleptic properties 29 . Table 2 shows the hydrogen cyanide, aflatoxin and moisture content of the 23 flour samples obtained from markets in Nairobi and Mombasa. There was a significant difference (p≤0.05) in the HCN content of flour among the different markets and traders in both the study sites. The range for the HCN content in flour samples was 21.53-64.63 mg/kg in Nairobi markets and 21.70-70.03 mg/kg in Mombasa; these levels are higher than the maximum acceptable recommended level of 10 mg/kg. The results in the present study are in agreement with reports by 4, 30 . In Indonesia, the mean cyanide content for flour was found to be 54 mg/kg 9 . The high HCN levels may be attributed to poor processing methods for the cassava flour. A report by 4 showed that areas of eastern, central and southern Africa, where flour is produced after sun drying, the cyanide content is high on a normal year and gets worse in low rainfall years. A report by 31 intimated that total cyanide levels in roots increased when there was low rainfall due to water stress on the cassava plant. A study by 32 showed the effect of low rainfall of greatly increasing total cyanide content of cassava flour; hence may also be an explanation for the high levels reported in the present study.
In a study by 33 where flour samples were collected in November 1998 and in July 1999, many cases of acute intoxication and occurrence of Konzo in the communities were attributed to the high cyanide level in flour samples. It is also important to note that the HCN contents that were recorded in this study are acceptable in some countries, for instance the limit that is acceptable in Indonesia is 40 mg/kg 4, 34 . High HCN may lead to acute cyanide poisoning or a chronic sickness that is associated with extended use of monotonous diets of high HCN foods, Konzo or tropical ataxic neuropathy (TAN) 35 . It is clear that better cultivars of cassava should be developed and the information communicated to farmers and more effective processing protocols should be developed and the information communicated to processors to ensure the HCN levels are reduced to acceptable values. Aflatoxin was detected in two flour samples in Nairobi; 6.60 µg/kg (GIK6) and 8.89 µg/kg (KAW3), representing 11.76% of the samples from Nairobi. In Mombasa only one flour sample MJ1 had 2.84 µg/kg of total aflatoxin. The levels reported are lower than the maximum levels set by the CAC 20 ; this indicates that the cassava flours are not good substrates for aflatoxin biosynthesis. The results in the present study are in agreement with those reported by 25, 36 that revealed no aflatoxin contamination in flours in studies in Malawi, Zambia and Benin. A study in Uganda that was carried out on 10 samples of cassava flour also showed no aflatoxin contamination 37 . There was no significant difference (p>0.05) in the moisture content (MC) of flour samples from Nairobi but there was a significant difference (p≤0.05) between MC of flour samples from Mombasa markets. The MC range was 8.50-12.51 %, with 17.6% of the samples having below 10% in Nairobi markets; and the MC range in samples from Mombasa markets was 7.30-11.0% and were all below the limits recommended in the standards. Low MC of cassava flour samples from Nairobi and Mombasa markets may be attributed to effective drying processes used; moisture content of flour is influenced by extent of drying and relative humidity during the period of sun-drying 38 . Flour samples from Mombasa were relatively lower in MC than those from Nairobi region; this may be attributed to higher temperatures that are usually recorded in the Coastal areas. Transportation conditions and distances from areas of production may also play a role in the difference of the moisture content between Mombasa and Nairobi; mainly because cassava flour found in Nairobi markets is often from the coastal or western regions of Kenya, moreover, the storage conditions of the flour in the markets in both sites of study may also play a role in the different moisture contents recorded. The results in the present study are in agreement with those reported by 29, 38, 39 . Low moistures lead to longer shelf lives of cassava products as they reduce microbial growth and proliferation.
Colour of dried cassava chips and flour Standards EAS 739:2010 and EAS 740:2010 on dried cassava chips and cassava flour respectively state that the colour of these products should be white, creamy or yellow. Table 3 shows colour parameters in terms of CIE L*a*b* for 13 dried cassava chips samples that were obtained from Nairobi and Mombasa markets. There was no significant difference (p>0.05) in L* values of Cassava chips sampled from markets in both study sites with values ranging from 83.9 to 92 in Nairobi markets and from 69.0 to 81.7 in Mombasa markets.
There was no significant difference (p>0.05) in the a* values between the dried cassava chips sampled from markets in Nairobi and Mombasa, with values that ranged from +1.0 to +2.2 in Nairobi and from +2.1 to +3.4 in Mombasa markets. The b* values of the samples from markets in Nairobi and Mombasa had no significant difference (p>0.05) and ranged from +10.0 to +16.5 in Nairobi and from +15.6 to +21.2 in Mombasa markets. The total colour difference (DE*) between the samples from markets in both study sites and a white paper used as a standard, were found to be high and were in the range 14.5-22.7 in Nairobi and 25.6-37.1 in Mombasa. Cassava chips sampled from Nairobi were generally white, with GIK4, GIK6, KAW1 and KAW2, showing the greatest DE* thus indicating they were less white compared to the white standard paper, with samples from Mombasa having large DE*, low L* and higher +b* values. The less whiteness observed in some samples of dried cassava chips, particularly ones obtained from Mombasa markets, could be attributed to the variety, age 40 as well as processing procedure which could include lack of thorough peeling, since natural pigments from peels may affect colour 41 . Table 4 shows the colour parameters for the 23 cassava flour samples from Nairobi and Mombasa markets. There was no significant difference (p>0.05) in the L* values of cassava flour with values that ranged from 95.3 to 100.0 and from 94.7 to 100.0 in cassava flour from Nairobi and Mombasa markets respectively. The a* values of the samples from the study sites were not significantly different (p>0.05) and ranged from +0.3 to+1.3 and from +0.9 to +1.5 in Nairobi and Mombasa respectively, while b* values of the samples obtained were significantly different (p≤0.05) and ranged from +4.7 to +8.2 in Nairobi and from +0.1 to +10.7 in Mombasa markets.
The DE* values of the cassava flour samples from Nairobi markets ranged from 4.6 to 9.6 while those from Mombasa markets ranged from 0.9 to 11.5. The cassava flour samples collected from markets in Nairobi and Mombasa had high L* values and low DE* indicating that they were very white, compared to the standard white paper. Consumers generally would look at how white flour is, as an indicator of quality and hence better processing procedure should be adopted to ensure the whiteness such as adoption of better drying equipment that may reduce period of drying as well as other factors that affect colour; for instance exposure to dust and direct sunlight .
However, since consumers use this parameter as a measure of quality and safety, they purchase products that are white but unsafe due to high residual HCN. Natural pigments from peels may affect the colour of chips/flour; the older the cassava at the time of processing the less white its product appears to be 41 . The whiteness of the cassava chips and flour (Table 3 ; Table 4 ) could be attributed to the non-fermentation as well as low microbial contamination as intimated in a report by 29 which is in agreement with the results in the present study. The results in the present study are also in agreement with the values of colour parameters in a report by 42 which also intimated that there was an increase in DE and b* for traditionally processed cassava flour, and further processing of flour made it whiter with a significant decrease in DE* and b*.
This study revealed that there is a wide range of cyanide concentrations in dried cassava chips and cassava flour available in the markets in Nairobi and Mombasa. The negative impacts of excess cyanide consumption are well documented and known including acute poisoning. Aflatoxin levels in the cassava products are acceptable and within the recommendations of standards, indicating that cassava is not a good substrate for aflatoxin biosynthesis. Moisture content in cassava products is below 12% indicating proper drying processes thus increasing postharvest quality, while the colour of the products is mostly white thus fitting customer demands. Cassava products in this study are of good quality in terms of aflatoxin levels, moisture content and colour but unsafe for consumption due to their high residual hydrogen cyanide.
The recommendations from this study are: for plant breeders to come up with better cassava cultivars and the information, which are relatively low in cyanogenic glucosides in the harvested raw form; better processing methods that would effectively play a part in achieving lower residual hydrogen cyanide in cassava products to acceptable levels as per standard requirements.
